Pasteurella multocida is responsible for several economically important diseases of domestic animals (2) . Cultivation of nasal swabs routinely taken from apparently normal cattle indicates that P. multocida can also colonize the nasopharyngeal mucosae of adult animals without the subsequent development of an acute phase of respiratory or systemic disease (2) . Overt disease in such animals may occur after some form of stress (transport or dehydration) or exposure to an intercurrent viral infection (14) . These animals then develop a rapidly fatal hemorrhagic septicemia or acute fibrinous pneumonia (shiping fever). Protection studies carried out in birds, cattle, and mice indicate a predominantly humoral type of immunity in appropriately vaccinated animals (2, 4, 8) , and attempts to adoptively protect mice with immune spleen cells have been generally unsuccessful (6) . This does not mean, however, that phagocytic cells (both polymorphonuclear and mononuclear) are not involved in the immune response (7) , provided that the appropriate specific opsonins are also present (15) .
The rapidity and severity of lung involvement seen in animals suffering from fibrinous pneumonia raises questions about the ability of the normal resident alveolar macrophages to phagocytose and kill this parasite within the lung. The present study makes use of an aerogenically infected mouse model (6) to compare the phagocytic and bactericidal abilities of alveolar and peritoneal macrophages exposed in vivo and in vitro to P. multocida strains of different virulence for mice.
MATERIALS AND METHODS
Animals. Specific-pathogen-free TRU:ICR mice were obtained from the Trudeau Animal Breeding Facility, Saranac Lake, N.Y. They were maintained under the conditions described elsewhere (5 Table 1 ). The rabbit (ii) Aerogenic challenge. Groups of mice were exposed to an aerosol generated in a Middlebrook chamber as described elsewhere (6) . The Bacterial enumeration in vivo. Groups of five randomly selected mice were killed at increasing time intervals, and the lungs, spleens, and livers were homogenized separately in cold HBSS plus 1% FCS. When appropriate, the peritoneal cavity was washed out with 2 ml of HBSS as described previously (7) . The counting errors were usually less than 20% of the mean.
In vitro macrophage culture methods. (i) Peritoneal macrophage culture. Mice were killed by a cervical dislocation, and the peritoneal cavity was washed out with 2.5 ml of cold HBSS containing 5% FCS and 10 IU of heparin, as described by Spitalny and North (13) . Wash fluid that was visibly contaminated with blood was discarded. The cells from several mice were pooled, counted with a hemacytometer, and adjusted to 5 x 106 cells per ml. Viability was checked by dye exclusion. The cells were allowed to adhere to cover slips to form monolayers by incubating them in 5% C02-enriched air at 37°C for 2 h. Nonadherent cells were removed by washing the cover slips with a jet of saline containing 1% FCS (13) .
(ii) Alveolar macrophage cultures. Normal mouse lungs were cannulated and washed out five times with 1 ml of saline as described by Senior et al. (11) . The cells were washed once by centrifugation (500 x g for 10 min) and suspended at RPMI 1640 medium plus 5% FCS, counted with a hemacytometer, and standardized at 2 x 106 cells per ml. The cells were allowed to adhere to small cover slips to form monolayers by incubating them in petri dishes in a 5% C02-enriched atmosphere at 37°C for 3 h. The nonadherent cells were removed by gentle washing with culture fluid. The cover slips were replaced in warm fresh medium and recultured in RPMI 1640 plus 5% FCS for 1 h before being challenged.
Phagocytosis and killing rates in vitro. A log-phase culture of P. multocida was counted with a PetroffHauser chamber and diluted to approximately 106 bacteria per ml of RPMI 1640 medium plus 5% FCS. The suspension was diluted with an equal volume of RPMI 1640 containing 5% normal or P. multocidaimmune mouse serum (15) . The bacteria-serum mixture was incubated at 37°C for 30 min, diluted 1:4 with fresh RPMI 1640 medium, and exposed to sonic vibration for 3 s (50% power output) to break up any agglutinated clumps of bacteria. The macrophage culture fluid was aspirated and replaced with 1 ml of the bacterial suspension, and the culture was returned to the CO2 incubator for 20 min. Excess unphagocytosed bacteria were removed by washing the cover slips with saline and placing the macrophage monolayers in fresh medium before returning them to the CO2 incubator. Three randomly selected cover slips were removed at time zero and thereafter at 15-min intervals. Each cover slip was placed in 10 ml of HBSS containing 0.1% WR1339 detergent and subjected to sonic vibration for 5 s to rupture the phagocytes and release the bacteria (13) . The supernatant fluid was plated on HBI agar, and the average number of viable bacteria was determined (3). The results were also expressed as percentages of the number of viable bacteria present at time zero.
RESULTS
Growth of the P. multocida strains in ICR mice. The virulence of the P. multocida strains for normal mice varied depending upon the strain and the route of challenge (Table 1) . Virulence also appeared to be somewhat lower after an aerogenic than an intravenous or intraperitoneal challenge, as judged from the in vivo growth curves (Fig. 1) . Both the turkey and bovine strains of P. multocida multiplied rapidly within the liver and spleen after intravenous inoculation, and all of the challenged mice died within 18 h. On the other hand, the rabbit strain (J20) tended to multiply in vivo relatively slowly (Fig.  1 (Fig. 4) mice, but no difference was observed in the rate C z; t > of phagocytosis or killing of the preopsonized P. multocida S68 cells regardless of whether the cell donors had been vaccinated (Fig. 5) . The immune cells did not phagocytose unopsonized P. multocida S68 cells substantially better than did normal mouse phagocytes. DISCUSSION Strains of P. multocida isolated from different host species vary extensively in their virulence for white mice (2, 4) . In the present study, both the turkey and bovine isolates were highly virulent for mice. Their virulence can be correlated with the presence of a well-defined capsular layer, which inhibits phagocytosis and killing by the normal host phagocytes (2) . Unopsonized pasteurellae multiply freely in the extracellular fluids of the normal host at rates little different from those seen in shaken broth cultures (3). Thus, it might be considered on the basis of these studies that the capsular antigenic makeup of the P. multocida strains was the most important determinant of mouse pathogenicity (2 were A capsular types, whereas the corresponding dog isolates were generally of other capsular types and of much lower virulence for mice (12) . On the other hand, the rabbit strain, which was an A capsular type, was of low virulence for mice (Fig. 1) . To date, too few rabbit isolates have been investigated in sufficient detail to indicate whether this is a general finding (9, 12) .
Although there were substantial differences in the virulence (LD50) for mice of the three P. multocida strains tested in the present study (Table 1) , it should be noted that they were all inactivated rapidly by normal mouse peritoneal macrophages at almost identical rates over the first 15 min (Fig. 3) . This was somewhat surprising in view of the fact that the rabbit strain (J20) was almost totally avirulent for ICR mice, whereas the other two strains were highly virulent. P. multocida J20 was difficult to maintain in FIG. 4 In passive protection studies carried out in P. multocida-challenged animals, only the presence of specific immune antibodies (opsonins) directed against the capsular antigen appeared to offer substantial immune protection (1, 2, 15) . Such a conclusion seems to be consistent with the fact that splenic and peritoneal lymphocyte suspensions harvested from actively immunized animals are unable to adoptively protect normal syngeneic recipients unless the specific opsonin(s) is also present (4) . Similarly, it is clear that both normal peritoneal and alveolar macrophages are as effective as those harvested from hyperimmunized donors at inactivating this highly virulent pathogen, provided that they are pretreated with specific opsonic antibody before being exposed to the macrophage monolayer.
Alevolar and peritoneal macrophages took up about the same number of opsonized P. multocida cells in these in vitro cultures. They then killed 80 to 90% of these bacteria over the following 60 min. (Fig. 2 and 4) . However, the surviving organisms multiplied extensively, and complete sterilization was never achieved in these preparations. The surviving bacteria may have been cell associated rather than fully phagocytosed, and thus were not exposed to the bactericidal action of the lysosomal enzymes. However, the phagocytosis and killing rates for the alveolar as compared with the peritoneal macrophages were never sufficiently different to explain the great susceptibility of the host to aerogenic challenge.
